Abstract -The problem of global exponential stability for a class of nonlinear singularly perturbed systems is examined in this paper. Our stability analysis is based on the use of basic results of integral manifold of nonlinear singularly perturbed systems, the composite Lyapunov method and the notations and properties of Tensoriel algebra. Some of the derived results are presented as linear matrix inequalities (LMIs) feasibility tests. Moreover, we pointed out that if the global exponential stability of the reduced order subsystem is established this is equivalent to guarantee the global exponential stability of the original high order closed loop system. An upper bound ,I of the small parameter c , can also be determined up to which established stability conditions via LMI's are maintained verified.
I. INTRODUCTION
Stability analysis and control of nonlinear singularly perturbed systems have been widely studied in the literature [BOR, 74] - [BOR84] , [BOU, 03] , [BOU, 04] , [KOK, 86] , [INN, 03] . In a two time scale framework, the stability study of the controlled systems using the Lyapunov stability method [SLO, 91] and the integral manifold approach as a means for the control of nonlinear systems based on the singular perturbation method have been developed in recent years [SHA, 87] , [SOB, 84] , [SPO, 87] , [GHO, 00] . And many approaches have been developed in this direction. They differ by imposing different conditions on the smoothness properties of the used functions, different assumptions and different classes of Lyapunov functions [CHE, 94] , [GHO, 00] , [SPO, 87] .
In this paper, we are concerned with the global exponential stability of polynomial singularly perturbed systems when the chosen design manifold is an exact integral one. Further extension of some previous results [GHO, 00] , [SPO, 87] are suggested and leads to effective global exponential stability conditions via LMIs [BOY, 94] which can be easily verified when using LMI toolbox of Matlab.
The contribution of the present paper is based, in one hand, on the use of the lyapunov method which is a powerful tool for combined controller design and stability analysis, the definition of appropriate Lyapunov functions for the reduced systems and a composite Lyapunov function for the corrected system via the integral manifold approach and in other hand, on the notations and property of the Kronecker [BRE, 78] product and Tensoriel algebra that make easier the algebraic manipulations and the description of the studied systems.
Our paper is organized as follows: in section II, we present some results from the literature on integral manifolds which establish the existence and the mathematical properties of integral manifolds for nonlinerar singularly perturbed systems. Some useful lemme and needed assumptions are also proposed. Exploiting the stability statements about singularly perturbed systems possessing integral manifolds and using the composite Lyapunov technique, we propose in section III an appropriate control law that insures the existence of an attractive integral manifold and furthermore insures stability of the studied systems when the dynamics are restrictive to the integral manifold. A new stability result proving the global exponential stability of polynomial singularly perturbed systems is also given. In the last section of the paper, conclusions are drawn.
II. PROBLEM FORMULATION AND PRELIMINARIES
The class of system x E Ji" s to be considered in this paper are described by the following state equations: 
where h(t, x, c) is definedfor all x E Bx and £ < ,I and is continuously diferentiable (e C1)
The function h (t, x, £) E Cl satisfies the so-called manifold equation
at ax which is obtained by substitutingy by h in equation (3).
On this manifold, the flow of systems (3) is governed by the n-dimensional reduced system x = f(t,x,h(t,x,8),e). (7) Furthermore, if for x E Bx. and p integer we have f(t,x, y, £) c C"', 1 g(t, X,y, £) c C,+2 and h0 (t, x) E Cp2 then h E CP In general, the stability of the reduced order subsystems for a class of nonlinear singularly perturbed systems cannot guarantee the stability of the original full order system even with the additional stability of the boundary layer subsystem but when an attractive manifold is designed, the stability problem of the original system reduces to a stability problem of a low dimensional system on the manifold. Subsequently, in the context of control system design, our objective is to determine an appropriate control law that insures the existence of an attractive integral manifold and furthermore insures stability of the studied systems (1) when the dynamics are restrictive to the integral manifold. 
lM =I1 
where a, . a2 . a3 . )r, and s are positive constants. 
This matrix is square (nm x nm) and has precisely a single 1 in each row and in each column.
To clarify the meaning of M , consider the following example:
In this work, our aim is to determine for the studied systems (1) 
Specifically, we choose the design manifold in this paper to be equal to z = ho (x) = 0. Then, the control in equation (21) The reduced order system of (23) 
To study the stability of the system (23), lets consider that the reduced order system (24) and the boundary layer system (25) have respectively VI (t, x) and V, (t, z) as Lyapunov candidate functions verifying Assumptions 1-2 and defined by:
For the corrected system (23), we define V(t, x, z, &), a composite Lyapunov function given by:
where Using the results given by the lemma 2, the equation (31) can be rewritten as:
where M is the Moore-Penrose pseudo inverse of
The derivative of the composite Lyapunov function (28) is then written: X-.
The final expression of V(t, X, -) is as follows:
Let us denote the largest eigenvalue of the matrix P8 by
Amax ( Let's note that Pe is a symmetric positive matrix, and V(t, X, e) (35) can be written as: 
From (12) and (59) Identically, using (16) and (58), we obtain:
A |Z ||<-V2(t z) < A |Z 2 ||e 2(Y2 )( t0
From (59) and (62) A(p x q), B(r x s), C(q x g), D(s x h), E(n x p), P(n x n) ,X(n xl) E gn,,Y(m x 1) c 9jm ,Z(q x 1) E gjq. A matrix valued function is a vector denoted mat(n,m) (.) was defined in [BEN, 95] 
